In this paper we provide estimates of the coefficient of relative risk aversion using information on self-reports of subjective personal well-being from multiple datasets, including three cross-sectional surveys and two panel surveys, namely the Gallup World Poll, the European Social Survey, the World Values Survey, the British Household Panel Survey for the United Kingdom, and the General Social Survey for the United States. We additionally consider the implications of allowing for health-state dependence in the utility function on the estimates of risk aversion and examine how the marginal utility of income changes in poor health states. Our estimates of relative risk aversion with cross-section data vary closely around 1, which corresponds to logarithmic utility, while the estimates with panel data are slightly larger. We find that controlling for health dependence generally reduces these estimates. In contrast with other studies in the literature, our results also suggest that the marginal utility of income increases when satisfaction with health deteriorates, and this effect is robust across the various datasets analyzed.
Introduction
Attitudes toward risk are a central issue in almost every economic problem involving decision making. Surprisingly, there is not yet a commonly accepted estimate of the coefficient of relative risk aversion. Many economists think that the coefficient of relative risk aversion probably lies between 1 and 3, but estimates vary widely in the literature, from as low as 0.2 to 10 or higher, particularly in the literature that uses inferences from behavioral choices to elicit risk aversion. 1 In this paper, we use data on subjective self-reports of personal well-being to estimate the coefficient of relative risk aversion. Additionally, using data on subjective selfreports of satisfaction with personal health, we examine how the estimates of risk aversion and the curvature of the utility function are affected by considering health-state dependence.
The literature on the application of happiness or subjective well-being data to address economic issues originated with Easterlin's (1974) seminal paper, and since the late 1990s the amount of research that uses happiness and satisfaction databases has increased considerably; Frey and Stutzer (2002) and Di Tella and MacCulloch (2006) are two examples of reviews of the use of such data in economics.
In our analysis, we build primarily on Layard, Mayraz, and Nickell (2008) by applying their analysis to various cross-sectional and panel datasets not considered in their study. These authors use happiness data to estimate how fast the marginal utility of income declines as income increases, an elasticity that corresponds to the parameter of relative risk aversion under a constant relative risk aversion utility function. The authors stress the importance of this interpretation of the parameter of interest for analyzing normative public economic issues, such as optimal taxation. The estimation of the association between survey based measures of personal well-being and income has been analyzed extensively in the 1 Among the studies based on behavioral choices, Friend and Blume (1975) , studying the demand for risky assets, estimate that the coefficient of relative risk aversion generally exceeds 1. Weber (1975) , using expenditure data, and Szpiro (1986) , using data on property insurance, estimate relative risk aversion in the range of 1.3 and 1.8. Using consumption data, Hansen and Singleton (1983) report lower estimates: between 0.68 and 0.97. Also using data on consumption, Mankiw (1985) finds much larger estimates in the range of 2.44 to 5.26. More recent studies continue to show a great disparity of estimates. Using a consumption-based capital asset pricing model with state-dependent risk aversion, Gordon and St-Amour (2004) find estimates in the range of 0 to 10. Garcia, Luger, and Renault (2003) using a generalization of a Black-Scholes option pricing model to S&P 500 call option prices report estimates of relative risk aversion in the range of 0.83 to 3.28. Chetty (2006) , studying the links among labor supply, risk aversion, and the curvature of the utility over consumption, finds a mean estimate of relative risk aversion of 0.71 with a range of 0.15 to 1.78. Campo, Guerre, Perrigne, and Vuong (2011) estimate a first-price auction model semiparametrically and report an estimate of relative risk aversion of 0.61. Kapteyn and Teppa (2011) estimate different measures of risk aversion based on subjective indicators. literature. Clark, Frijters, and Shields (2008) provide a survey of recent results on the estimation of the relationship specifically between happiness scores and personal income. 2 Our paper also extends the framework of Layard, Mayraz, and Nickell (2008) by considering health-state dependence in the utility function, as in Finkelstein, Luttmer, and Notowidigdo (2008) , who stress the interpretation of the parameter of interest as a measure of risk aversion for analyzing financial problems, such as determining the optimal amount of health insurance.
While the interpretation of the parameter of interest as either the elasticity of the marginal utility of income or as the coefficient of relative risk aversion may conceptually rely on whether one assumes that happiness scores are ordinal or cardinal in nature, Ferrer-iCarbonell and Frijters (2004) argue that one can practically assume that happiness scores are both cardinally and ordinally interpersonally comparable, as findings suggest that individuals, especially in the same language community, have a common understanding of happiness and of how to translate subjective notions of well-being into a numerical scale (van Praag, 1991) . In this paper, we follow the literature and explicitly assume that happiness scores are cardinally comparable to provide estimates based on linear least squares regressions and we interpret the estimated coefficient as relative risk aversion.
First, we consider data sets that provide only cross-sectional observations for various countries in one or more time periods. In other words, these surveys do not follow individual respondents over time, but they may provide information for the same country in different years. The cross-section estimates use data from the Gallup World Poll (GWP), the European Social Survey (ESS), and the World Values Survey (WVS). The Gallup dataset only recently became available for applied research and covers a larger set of people than most subjective well-being surveys: about 70,000 individuals in more than 140 countries.
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The largest dataset used by Layard, Mayraz, and Nickell (2008) , for example, includes only about 50 countries. We also use data from the ESS covering 27 countries and from the WVS covering 41 countries. We classify the various individual countries in these surveys using five groups of countries categorized by the World Bank in terms of income per capita, and provide estimates for these categories. We also provide estimates for the United States with data from the GWP and the WVS. For each of these surveys, we provide overall estimates that use pooled observations from all countries.
Second, we consider panel data sets that follow individuals over multiple time periods. We use data from the British Household Panel Survey (BPHS) for the United Kingdom and data from the General Social Survey (GSS) for the United States. In the samples we consider, the BPHS provides data for about 6,400 individuals in up to 7 waves, while the GSS provides data for about 940 individuals in up to 3 waves. The panel studies allow for the inclusion of time-invariant individual effects, which has been shown to be relevant for analyzing the effect of income on reported happiness (see Clark, Frijters, and Shields, 2008) .
The estimates of relative risk aversion using the cross-sectional or panel surveys are largely similar in magnitude. In the cross-sectional surveys, the estimates with the GWP data are slightly lower than 1, whereas the estimates with the ESS and the WVS were slightly larger than 1. When we analyze the effect of controlling for health-state dependence on the estimates of relative risk aversion, we find that the estimated relative risk aversion coefficients generally decline. We also find in contrast to Finkelstein, Luttmer, and Notowidigdo (2008) that the marginal utility of income increases when health deteriorates.
These patterns are robust across all the different datasets we analyzed.
In the Section 2 we describe the datasets used in the analysis. In Section 3 we present the estimated equations. We discuss the results in Section 4 and provide concluding comments in Section 5.
Data

Cross-Section Surveys.
We use data from the 2006 GWP, the 2002 to 2006 waves of the ESS and the 1981 to 2008 waves of WVS. The main variables of interest are self-reports of happiness or satisfaction with life, self-reports on the assessment of personal health, and self-reports on household income. We also use additional information on age, gender, marital status, employment status, and residence in urban areas.
The Gallup World Poll
The GWP is probably the world's most comprehensive database of behavioral economic measures. It surveys individuals in more than 140 countries representing about 95 percent of the world's adult population. In our study we use data on about 55,000 individuals from 103 countries. Household income data are reported in 29 brackets. We use the midpoint of the bracket as the measure of income, and for the top bracket we use a value equal to double the previous midpoint value. Because some countries report this variable in local currency (see Gasparini and Gluzmann, 2009 ), we express the income measure in deviations from the country's average. 4 We also eliminate outlier observations from the analysis (see Section 3).
European Social Survey
The first three rounds of the ESS conducted from 2002 to 2006 contain data on 27
countries. In our study we use data on 32,951 individuals. Household total net income data are reported in 12 brackets. The survey provides bracket intervals in Euros and when necessary, inserts corresponding national currencies.
We use the midpoint of the bracket as the measure of income. For the bottom and top brackets we use a value equal to two-thirds of the bottom-code value and one and a half times the top-code value, respectively. Similar to the procedure used with the Gallup data, the income measure is expressed in deviations from the country's average and outlier observations are excluded from the analysis.
World Values Survey
The WVS aggregated files contain data across 5 waves from 1981 to 2008 for 87
countries. In our study we use data on 38,500 individuals from 41 countries. Household gross income data are reported in 10 brackets. Specific bracket intervals in national currencies are not provided for all country-wave combinations. Therefore, we exclude data from the analysis when the country-specific bracket values are not known. We use the midpoint of the bracket as the measure of income. For the bottom and top brackets we use a value equal to two-thirds of the bottom-code value and one and a half times the topcode value, respectively. 6 Again, similar to the procedure used with the Gallup data, the income measure is expressed in deviations from the country's average and outlier observations are excluded from the analysis.
Panel Surveys
British Household Panel Survey
The BHPS is a panel study that followed a sample of individuals in the United 
General Social Survey
The GSS is a survey administered in the United States to national samples of the indicator for dissatisfaction with health as in the BHPS. In contrast with the previous surveys, the GSS provides a variable for total family income that has already been adjusted for inflation and imputed based on the midpoints of the categorical midpoints from 25 income brackets. As with the cross-section data, for both the BHPS and the GSS we express the income measure in deviations from the respective overall average. The middle panel presents similar summary statistics computed among individuals in the ESS. In the baseline estimations we used data from 27 countries and 32,951 individuals.
Summary Statistics
The average reported happiness was 7.4 in the 0-10 scale with a standard deviation of 1.8.
About 23% of individuals in the ESS reported dissatisfaction with personal health. The average age is 42.1 years, with a smaller presence of women (48%) than in the Gallup data.
About 66% of individuals in the sample are married, 68% live in an urban setting, and 92% are employed.
The bottom panel presents the corresponding statistics in the WVS. This dataset has information on 38,504 individuals in 41 countries. The average reported happiness was 6.8
in the 1-10 scale with a standard deviation of 2.4. A larger proportion than in the GWP and ESS report dissatisfaction with personal health (33%), while the average age of 41.2 years is similar, as is the proportion of women (52%). However, the proportion of married individuals is somewhat higher (79%) and the proportion of employed individuals is slightly larger than in the GWP (68%).
In these tables the income variable is expressed in deviations from the country's average, and because we trimmed outlier observations, the reported means in each dataset may differ from 100%.
[ with a standard deviation of 0.6. All other statistics are comparable to the previous surveys.
Average age is 44.9 years of age; the proportion of women is 58%; the proportion of married individuals is 56%; and the proportion of urban residents is 75.7%.
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Utility function
In this paper we follow a common assumption in theoretical and applied work and assume a constant relative risk aversion utility function with respect to income (a proxy for consumption):
where y represents income and  corresponds to the Arrow-Pratt coefficient of relative risk aversion R r (Arrow, 1965): 7 The British Household Survey Panel does include an indicator for urban or rural, and provides instead an indicator for geographic regions, but it was missing for several observations. 8 We left the dummy for employment status out of the analysis because including this variable in the regression prevented the procedure from finding a coefficient of relative risk aversion in the interior of the interval considered.
Estimation methodology: happiness and utility
To use the happiness data we need to hypothesize on the nature of the relation between reported happiness, , The estimated equation is therefore:
where i v represents an error term that is independent of experienced utility u i .
The last problem is how to estimate  and  separately. We follow an iterative maximum likelihood procedure as in Layard, Mayraz, and Nickell (2008) . First, we compute
for values of  between 0 and 5 in steps of 0.1. Second, for each of these computations we estimate  and the vector of parameters  with an ordinary least squares regression and save the resulting log-likelihood of the estimation. In the vicinity of the maximum likelihood estimator we repeat this procedure in steps of 0.01.
To ensure that our results are not affected by outliers in the income reports we trim observations corresponding to the bottom 5% and the top 5% of the distribution of residuals of a regression of the log of relative income on individual controls, as in Layard, Mayraz, and Nickell (2008).
Clearly, according to the above specification, income enters in the utility function as a proxy for consumption. Furthermore, in order to interpret the estimation results we have to assume that the effect of income on reported happiness correspond to the causal effects of 9 Our results do not vary significantly if we estimate the model with ordered logit instead of OLS when using cross-sectional data. Both the magnitude of the coefficients of interest and the directions of the effects are very similar under either methodology. Ferrer-i-Carbonell and Frijters (2004) note that while it makes little practical difference to estimate similar regressions with cross-sectional data using OLS or ordered logit, in the case of panel data when time-invariant individual effects are important estimating ordered response models requires more complex methods.
consumption on utility. In making this assumption, we follow previous studies, but we recognize that it is not trivial and we acknowledge it as a potential limitation. Further discussion on this topic can be found in Clark, Frijters, and Shields (2008) and the references therein.
Health state dependence
The previous estimation strategy can be easily extended to analyze the effect of health status on the utility function. We denote by S i (for sick) a dummy variable that takes the value of 1 if individuals provide an affirmative answer to the question on dissatisfaction with personal health and rewrite the equation for the utility function over income and health status as:
The coefficient η reflects shifts in utility from dissatisfaction with personal health which do not modify the marginal utility income, whereas the coefficient γ 2 represents changes in the marginal utility of income from changes in health status. We use the same iterative procedure previously described to estimate the modified model.
Results
Cross-sectional surveys
The cross-sectional studies we analyze contain observations from different countries. So, in addition to providing global estimates by pooling all the observations, we also conduct the estimations for five different sets of countries categorized in terms of income using the World Bank's income classifications. The classes are high income OECD, high income non-OECD, upper-middle income, lower-middle income, and low income. Additionally, whenever we pool data from several countries we include country dummies in the estimation, and whenever the survey contains more than one wave we include wave dummies as well. The middle panel of Table 3 reports the estimates of relative risk aversion in the ESS. In this dataset, most countries fall in either the upper-middle income or high-income OECD classifications. The overall estimate without health dependence is 1.54 and is significantly different from 1. Similarly, the estimate for high-income OECD countries is 1.53 and it is also significantly different from 1. The estimate for upper-middle income countries is 1.13 and it is not significantly different from 1. Adding health dependence to the utility function reduces the point estimates for the overall estimates and for high-income OECD countries, but they remain significantly different from 1.
The estimates with the WVS, reported in the bottom panel of Table 3 , present a picture similar to that of the ESS estimates. The overall estimate (1.17) and those for high-income OECD (1.52) and upper-middle income countries (1.32) are greater than 1 in magnitude and statistically significantly different from 1. The estimates for high-income non-OECD (0.51) and for lower-middle income countries (1.47), on the other hand, are not significantly different from 1. 10 The estimates also generally decline when controlling for health dependence. The estimates for the United States with (0.81) or without health dependence (0.96) were not significantly different from 1.
[ Table 3 (LR tests for GWP, ESS, and WVS) about here]
The estimates of relative risk aversion using the Gallup data are somewhat smaller than the reported range for the elasticity of the marginal utility with respect to income (1.19-1.34) of Layard, Mayraz, and Nickell (2008) and smaller than the estimates with the ESS and WVS, especially for high-income OECD countries. The estimates using the ESS and WVS are, in contrast, slightly larger. A possible explanation for the disparities among our findings is the composition of countries in the different surveys that were used. The lower estimates with Gallup data are also below previous estimations of relative risk aversion that use inferences based on behavioral choices (Friend and Blume, 1975 , Weber 1975 , Szpiro 1986 , Mankiw 1985 . The reliability of the income data in the Gallup survey may also play a role in explaining the differences in the magnitude of the estimates. Our estimates are, however, closer to the results of Hansen and Singleton (1983), Cox and Oaxaca (1996) , and Bartunek and Chowdhury (1997) . The results with Gallup data are also in line with Gandelman and
Porzecanski (2013), who also use Gallup data and find that the only way to reconcile happiness inequality with income inequality is with a relative risk aversion coefficient lower than 1. Finally, most studies using experimental data also find low levels of risk aversion.
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Tables 4 through 6 report the estimated coefficients of the individual controls and the coefficients of the income and health variables controlling for health dependence in the utility function. The reported OLS estimations correspond to the maximum likelihood estimator of the coefficients of relative risk aversion reported in Table 3 . Most individual regressors have the expected direction of effect across all datasets.
In Table 4 , corresponding to the estimates using the GWP, women are more likely than men to report higher levels of life satisfaction ("All countries" column). Similarly, happiness responds positively to living in partnership: married individuals are more likely to report higher levels of happiness than non-married individuals (especially in the United States). Age has a negative effect on the likelihood of higher happiness reports, while its square has a positive effect. This is consistent with other studies in the literature that find a U-shaped relation between age and happiness scores. Residence in an urban setting has a statistically negative effect for the United States, high-income OECD countries, and lowincome countries (although not statistically significant in the latter case) and a positive effect in other cases. The effect of employment status is also positive whenever it is statistically significant; employed individuals are more likely to report higher levels of happiness than unemployed individuals.
In terms of health dependence, individuals reporting dissatisfaction with personal health are less likely to report higher levels of happiness, and the effect is statistically significant. More importantly, the interaction of health status with the utility of income, Sick*u(y), has a positive effect and is statistically significant in the specifications for all countries (0.14), high income OECD countries (0.32), low income countries (0.13), and upper-middle income countries (0.14) and suggests that the marginal utility of income increases when satisfaction with health declines. These results are in contrast with those of Finkelstein, Luttmer, and Notowidigdo (2008) . Our findings indicate that controlling for health dependence would suggest that the optimal amount of health insurance or the optimal amount of life cycle savings is higher than when not controlling for health dependence. A potentially important methodological difference between our paper and Finkelstein, Luttmer and Notowidigdo (2008) is that, although we both use a subjective utility proxy, Finkelstein, Luttmer, and Notowidigdo use an objective indicator of health status, measured by the number of diagnosed chronic diseases, while we use a subjective self-reported indicator of dissatisfaction with personal health. Another difference between our approaches is that their data consists of elderly or near-elderly individuals with no labor income, while in our sample we restrict observations to working-age individuals.
[ Table 4 (regression with health for GWP) about here] Table 5 presents similar coefficient estimates for the ESS. All individual controls are statistically significant for the estimation with all countries and for high-income OECD countries, but some coefficients are not statistically significant in the case of upper-middle income countries. Women and married individuals are more likely to report higher happiness levels in all three specifications (although the female coefficient is not statistically significant in the case of upper-middle income countries). Residence in an urban setting and employment status also have a positive effect on reported happiness. The direct effect of age is negative, while its square has a positive effect. Similarly, the variable indicating dissatisfaction with health (Sick) has a negative effect. Individuals dissatisfied with personal health (Sick=1) are less likely to report higher levels of happiness. The interaction of the Sick dummy with the utility of income, u(y), also has a positive sign when it is statistically significant, suggesting that individuals dissatisfied with personal health experience a higher effect from income on reported happiness than individuals who are satisfied with their personal health.
[ Table 5 (regression with health for EES) about here]
Finally, Table 6 presents the estimations using the WVS. Again, the magnitude and direction of the effects of the various controls are similar to those reported in Tables 4 and 5 .
The results regarding health dependence are also robust. In the overall estimate, for example, the Sick dummy has a negative effect and suggests that individuals dissatisfied with personal health are less likely to report higher levels of happiness than healthier individuals. The interaction of the health status indicator with the utility of income is also positive and suggests that individuals dissatisfied with personal health have a larger effect from income on reported happiness (than individuals who are satisfied with personal health) in the estimation with all countries and much higher for individuals in high-income countries.
[ Table 6 (regression with health WVS) about here] Table 7 presents the estimated coefficients of relative risk aversion for the BHPS and the GSS. In the United Kingdom, the estimate without accounting for health dependence is 1.89 and it is not statistically significantly different from 1. The estimate for the United
Results with panel surveys
States is similar in magnitude, at 1.71, and it is also not significantly different from 1.
Controlling for health dependence reduces the coefficient in the BHPS to 1.71 while the estimate in the GSS increases to 1.74 but in neither case can we reject the null hypothesis of log utility.
[ Table 7 (LR tests for BHPS and GSS) about here] Table 8 presents the regression results corresponding to the maximum likelihood estimators. While the estimated relative risk coefficients are similar using panel and crosssectional data, the regression results regarding the effect of income are somewhat different.
Specifically, the coefficient for the utility of income is negative for the BHPS (although not statistically significant) and positive for the GSS (and statistically significant). While the happiness scores scales are not directly comparable across surveys (the cross-sectional surveys are mostly in the 0-10 scale, the BHPS is in a 1-7 scale, and the GSS is in a 1-3 scale) the measures of relative income are comparable and the panel results suggest a much smaller magnitude of the effect of income on happiness than in the cross section results, once time and individual effects are taken into account.
[ Table 8 (regression with health BHPS and GSS) about here]
The panel results concerning the notion of health dependence in the utility of income are, however, consistent with the cross-sectional results. The coefficients for the direct effect of dissatisfaction with health (Sick) are negative in both the BHPS and GSS, but only statistically significant in the BHPS. Furthermore, the estimated coefficients for the interaction of dissatisfaction with health and the utility of income are positive in both cases, similar to the cross-sectional estimates, but they are not statistically significant.
In the panel regressions we control for time-invariant individual effects (the indicator for female is dropped as a consequence) and we also include wave dummies. Therefore, the direct effect of age in the BHPS and the GSS case is not comparable to the cross-section estimates. As in the cross-section estimates, the indicators for married individuals is positive and statistically significant. Finally, the urban indicator in the GSS is not statistically significant, and the employment indicator in the BHPS is positive and statistically significant.
Conclusion
A significant volume of literature on the implications of behavioral choices for attitudes toward risk yields varying estimates of the coefficient of relative risk aversion. The reported estimates range from nearly linear utility on income (a relative risk aversion coefficient of zero) to estimates implying much greater concavity than log utility (corresponding to a relative risk aversion coefficient larger than 1).
In this paper, we extend the analysis of the estimation of the coefficient of relative risk aversion using happiness data by Layard, Mayraz, and Nickell (2008) and the analysis of health-state dependence in the utility function by Finkelstein, Luttmer, and Notowidigdo (2008) . We use data from three large cross-sectional surveys and two large panel surveys that include information on self-reports of subjective well-being, dissatisfaction with personal health, and household income. Happiness data, although extensively used in recent years to analyze the effects of inflation and unemployment, among other macroeconomic variables, have only recently begun to be used to study risk aversion or the links with personal health, and our studies are among the first in this area.
In contrast to Layard, Mayraz, and Nickell (2008) , who report estimates of relative risk aversion that generally exceed a value of 1, we obtain estimates that are greater or smaller than 1, depending on the set of countries and surveys analyzed. More importantly, we find that controlling for health dependence tends to reduce the estimates of relative risk aversion, even in the cases for which we obtain coefficients of relative risk aversion greater than 1.
Controlling for health-state dependence in the specification of the utility function indicates that individuals who are dissatisfied with their personal health are more likely to report lower levels of subjective well-being. Our findings also indicate that the marginal utility of income is higher for individuals who are dissatisfied with their health. This result is robust across all the surveys analyzed and is in contrast with that of Finkelstein, Luttmer, and Notowidigdo (2008) , who find the opposite effect. From a policy perspective, these results may prove relevant for future analysis of the implications of risk attitudes and health status on the optimal amount of health insurance benefits. Bold chi-squared test statistics indicate statistical significant at the 10% level. The null hypothesis is log utility (relative risk aversion (rho) equal to 1). †The "Low-income", "Lower-middle income", and "High-income non-OECD" country classifications contain one or zero countries and are omitted. ‡ The "Low-income" country classification contains just two countries and is omitted. parentheses. * Significant at 10%, ** Significant at 5%, *** Significant at 1%. Note: The "Low-income", "Lower-middle income", and "High-income non-OECD" country classifications contain one or zero countries and are omitted. Regressions include country and wave dummies. parentheses. * Significant at 10%, **Significant at 5%, ***Significant at 1%. Note: The "Low-income" country classification contains just two countries and is omitted. Regressions include country and wave dummies. Bold chi-squared test statistics indicate statistical significant at the 10% level. The null hypothesis is log utility (relative risk aversion (rho) equal to 1). Prob > F 0.000 0.000
Standard errors in parentheses. * Significant at 10%, **Significant at 5%, ***Significant at 1%. Regressions include individual fixed effects and wave dummies.
